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1. Supplementary Methods

Supplementary Method M1. PCR primers for T7TE1 Assays

Gene | Forward Primer Reverse Primer

HBB CTGGAGACGCAGGAAGAGATCC GCAATCATTCGTCTGTTTCCCATTC

CCR5 | AGTCGACACTGCACAGGGTGGAACAAGATGG | GCATAGATCGACCACCCCAAAGGTGACCGT

All DNA sequences are written 5'>3’. All oligos were ordered from Eurofins MWG Operon. The CCR5
primers have barcode sequences on the 5 ends because they were originally designed for multiplexed DNA
sequencing; this has no effect on the T7E1 assay.



2. Supplementary Figures
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Supplementary Figure S1. Potential layout of future multi-plexed trans-splicing system using synergistic
sgRNAs and an effector fused to dCas9 to allow gene regulation or epigenetic modification.
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Supplementary Figure S2. Initial test of DnaB and GyrA intein systems. To initially determine the
feasibility of using the different intein systems, DnaB and GyrA trans-splicing Cas9 systems were transfected in
triplicate into HEK-293T cells along with wild-type Cas9. All plasmids contained the guide strand targeted to
HBB (See Figure 3a, Supplementary Method M1). Shown here is a representative gel (a) from the T7E1
assay and a version of the image with enhanced contrast to highlight the cleavage band (b). Because the
DnaB system did not induce gene modification at a rate appreciably above the background signal in mock-
treated cells, it was not considered further. We recognize the unwanted presence of a faint band appearing in
the mock treated cells; this initial test was performed with an earlier set of PCR primers and a new set of
primers (used in all other experiments) resolved this issue.
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Supplementary Figure S3. Representative T7E1 gel of nuclease activity. T7E1 reactions were loaded into
2% agarose gels cast with ethidium bromide. This gel analyzed one replicate of the dosing experiment of the
R-3 guide strand targeting HBB. The PCR amplicon is ~1100 bp and the two T7E1 cleavage products both co-
localize at ~550 bp. Activity was observed for cells transfected with the wtSpCas9 plasmid and with both
components of tsSpCas9, but no activity was observed (as expected) for control reactions containing only
pUC, only one of the tsSpCas9 components, or Cas9 systems guided to CCR5 and not to HBB.

Gel Lanes (from left to right):

1—-100 bp ladder 10 — N-terminal tsSpCas9 R-3 only

2 — wtSpCas9 R-3 Full Dose 11 — C-terminal tsSpCas9 R-3 only

3 —wtSpCas9 R-3 2 Dose 12 — N-terminal tsSpCas9 R-30 (CCRY) only
4 — wtSpCas9 R-3 V2 Dose 13 — C-terminal tsSpCas9 R-30 (CCRS) only
5 — wtSpCas9 R-3 1/8 Dose 14 — wtSpCas9 R-30 (CCRS) Full Dose

6 — tsSpCas9 R-3 Full Dose 15 —tsSpCas9 R-30 (CCRS) Full Dose

7 —tsSpCas9 R-3 /2 Dose 16 — pUC only

8 — tsSpCas9 R-3 V4 Dose 17 — No template PCR control

9 — tsSpCas9 R-3 1/8 Dose 18 — 100 bp ladder



3. Supplementary Data

Supplementary Data D1. Amino acid sequences of trans-splicing components
Intein domains underlined.

>tsCas9-C
MGKPEFAPTTYTVGVPGLVRFLEAHHRDPDAQATIADELTDGRFYYAKVASVTDAGVQPVYSLRVDTADHAFITNGFVSHNTGWGRLSRKLINGIRDKQSGKTILDFLKSDGF
ANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPATKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHP
VENTQLONEKLYLYYLQONGRDMYVDQELDINRLSDYDVDHIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELD
KAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYILNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK
SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGE IVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLTIARKKDWDPKKYGGFDS
PTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGS
PEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAENI THLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRI
DLSQLGGDKRPAATKKAGQAKKKK

>tsCas9-N
MDYKDHDGDYKDHDIDYKDDDDKMAPKKKRKVGIHGVPAADKKYSIGLDIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSTIKKNLIGALLFDSGETAEATRLKRTARRRYT
RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLF
TQLVQTYNQLFEENPINASGVDAKATLSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLS
DAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGS
IPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNEFDKNLPNEKVLPKHSLLYEYFTVY
NELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIE
ERLKTYAHLFDDKVMKQLKRRRYCITGDALVALPEGESVRIADIVPGARPNSDNATIDLKVLDRHGNPVLADRLFHSGEHPVYTVRTVEGLRVTGTANHPLLCLVDVAGVPTL
LWKLIDEIKPGDYAVIQRSAFSVDCAGFAR

>tsCas9-Nick
MYPYDVPDYASPKKKRKVEASDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSTKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQETIFSNEMAK
VDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINAS
GVDAKATILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAP
LSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSTIPHQIHLGELHATLRRQED
FYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFTL
SGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK
RRRYCITGDALVALPEGESVRIADIVPGARPNSDNAIDLKVLDRHGNPVLADRLFHSGEHPVYTVRTVEGLRVTGTANHPLLCLVDVAGVPTLLWKLIDEIKPGDYAVIQRS
AFSVDCAGFAR

Supplementary Data D2. Plasmid sequences of trans-splicing components

>tsCas9-C

gagggcctatttcccatgattccttcatatttgcatatacgatacaaggctgttagagagataattggaattaatttgactgtaaacacaaagatattagtacaaaatacgt
gacgtagaaagtaataatttcttgggtagtttgcagttttaaaattatgttttaaaatggactatcatatgcttaccgtaacttgaaagtatttcgatttcttggctttata
tatcttGTGGAAAGGACGAAACACCggGTCTTCaagcttGAAGACctgttttagagectaGAAAtagcaagttaaaataaggctagtececgttatcaacttgaaaaagtggecac
cgagtcggtgcTTTTTTgttttagagctagaaatagcaagttaaaataaggctagtccgtTTTTagecgegtgecgceccaattctgcagacaaatggctctagaggtaccecgtta
cataacttacggtaaatggcccgcctggctgaccgecccaacgacccccgeccattgacgtcaatagtaacgeccaatagggacttteccattgacgtcaatgggtggagtattt
acggtaaactgcccacttggcagtacatcaagtgtatcatatgccaagtacgecccectattgacgtcaatgacggtaaatggccecgectggecattGtgeccagtacatgacce
ttatgggactttcctacttggcagtacatctacgtattagtcatcgctattaccatggtcgaggtgagccccacgttctgecttcactecteccccatcectececececccecectecccecac
ccccaattttgtatttatttattttttaattattttgtgcagcgatgggggcggggggggggggggggcgcgcgccaggcggggcggggcggggcgaggggcggggcggggc
gaggcggagaggtgcggcggcagccaatcagagcggcgecgctceccgaaagtttecttttatggecgaggecggeggecggeggecggecctataaaaagcgaagcgcgecggcecgggcyg
ggagtcgctgcgacgctgccttcgecccecgtgeccecgecteccgecgecgectecgegecgeccecgecccggetectgactgacecgegttactecccacaggtgagegggegggacgge
ccttctcecctceccgggctgtaattagectgagcaagaggtaagggtttaagggatggttggttggtggggtattaatgtttaattacctggagcacctgectgaaatcacttttt
ttcaggttGGaccggtgccaccATGGGAAAACCGGAATTTGCCCCAACTACATATACTGTCGGCGTCCCAGGGCTGGTTCGATTCCTGGAAGCCCACCACAGGGATCCAGAC
GCTCAGGCAATCGCAGACGAGCTGACCGACGGGAGGTTTTATTATGCTAAGGTCGCCTCTGTGACCGATGCAGGCGTACAGCCTGTGTATTCTCTTAGGGTGGACACAGCCG
ACCATGCTTTTATTACCAATGGCTTCGTTAGTCACAATACCGGCTGGGGCAGGCTGAGCCGGAAGCTGATCAACGGCATCCGGGACAAGCAGTCCGGCAAGACAATCCTGGA
TTTCCTGAAGTCCGACGGCTTCGCCAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCTGACCTTTAAAGAGGACATCCAGAAAGCCCAGGTGTCCGGCCAGGGCGAT
AGCCTGCACGAGCACATTGCCAATCTGGCCGGCAGCCCCGCCATTAAGAAGGGCATCCTGCAGACAGTGAAGGTGGTGGACGAGCTCGTGAAAGTGATGGGCCGGCACAAGC
CCGAGAACATCGTGATCGAAATGGCCAGAGAGAACCAGACCACCCAGAAGGGACAGAAGAACAGCCGCGAGAGAATGAAGCGGATCGAAGAGGGCATCAAAGAGCTGGGCAG
CCAGATCCTGAAAGAACACCCCGTGGAAAACACCCAGCTGCAGAACGAGAAGCTGTACCTGTACTACCTGCAGAATGGGCGGGATATGTACGTGGACCAGGAACTGGACATC
AACCGGCTGTCCGACTACGATGTGGACCATATCGTGCCTCAGAGCTTTCTGAAGGACGACTCCATCGACAACAAGGTGCTGACCAGAAGCGACAAGAACCGGGGCAAGAGCG
ACAACGTGCCCTCCGAAGAGGTCGTGAAGAAGATGAAGAACTACTGGCGGCAGCTGCTGAACGCCAAGCTGATTACCCAGAGAAAGTTCGACAATCTGACCAAGGCCGAGAG
AGGCGGCCTGAGCGAACTGGATAAGGCCGGCTTCATCAAGAGACAGCTGGTGGAAACCCGGCAGATCACAAAGCACGTGGCACAGATCCTGGACTCCCGGATGAACACTAAG
TACGACGAGAATGACAAGCTGATCCGGGAAGTGAAAGTGATCACCCTGAAGTCCAAGCTGGTGTCCGATTTCCGGAAGGATTTCCAGTTTTACAAAGTGCGCGAGATCAACA
ACTACCACCACGCCCACGACGCCTACCTGAACGCCGTCGTGGGAACCGCCCTGATCAAAAAGTACCCTAAGCTGGAAAGCGAGTTCGTGTACGGCGACTACAAGGTGTACGA
CGTGCGGAAGATGATCGCCAAGAGCGAGCAGGAAATCGGCAAGGCTACCGCCAAGTACTTCTTCTACAGCAACATCATGAACTTTTTCAAGACCGAGATTACCCTGGCCAAC
GGCGAGATCCGGAAGCGGCCTCTGATCGAGACAAACGGCGAAACCGGGGAGATCGTGTGGGATAAGGGCCGGGATTTTGCCACCGTGCGGAAAGTGCTGAGCATGCCCCAAG
TGAATATCGTGAAAAAGACCGAGGTGCAGACAGGCGGCTTCAGCAAAGAGTCTATCCTGCCCAAGAGGAACAGCGATAAGCTGATCGCCAGAAAGAAGGACTGGGACCCTAA
GAAGTACGGCGGCTTCGACAGCCCCACCGTGGCCTATTCTGTGCTGGTGGTGGCCAAAGTGGAAAAGGGCAAGTCCAAGAAACTGAAGAGTGTGAAAGAGCTGCTGGGGATC
ACCATCATGGAAAGAAGCAGCTTCGAGAAGAATCCCATCGACTTTCTGGAAGCCAAGGGCTACAAAGAAGTGAAAAAGGACCTGATCATCAAGCTGCCTAAGTACTCCCTGT
TCGAGCTGGAAAACGGCCGGAAGAGAATGCTGGCCTCTGCCGGCGAACTGCAGAAGGGAAACGAACTGGCCCTGCCCTCCAAATATGTGAACTTCCTGTACCTGGCCAGCCA
CTATGAGAAGCTGAAGGGCTCCCCCGAGGATAATGAGCAGAAACAGCTGTTTGTGGAACAGCACAAGCACTACCTGGACGAGATCATCGAGCAGATCAGCGAGTTCTCCAAG
AGAGTGATCCTGGCCGACGCTAATCTGGACAAAGTGCTGTCCGCCTACAACAAGCACCGGGATAAGCCCATCAGAGAGCAGGCCGAGAATATCATCCACCTGTTTACCCTGA
CCAATCTGGGAGCCCCTGCCGCCTTCAAGTACTTTGACACCACCATCGACCGGAAGAGGTACACCAGCACCAAAGAGGTGCTGGACGCCACCCTGATCCACCAGAGCATCAC
CGGCCTGTACGAGACACGGATCGACCTGTCTCAGCTGGGAGGCGACAAAAGGCCGGCGGCCACGAAAAAGGCCGGCCAGGCAAAAAAGAAAAAGtaagaattcCTAGAGCTC
GCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAA



TGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGAGAATAGCAGGCATGCTGGGGAG
cggccgcaggaacccctagtgatggagttggccactcecctcectectgecgegetegetegetcactgaggeccgggcgaccaaaggtecgececcgacgeccgggetttgeececgggegg
cctcagtgagcgagcgagcgcgcagctgectgcaggggecgectgatgeggtattttcteccttacgecatectgtgecggtatttcacaccgcatacgtcaaagcaaccatagtac
gcgccctgtagcggcecgecattaagegecggecgggtgtggtggttacgegcagegtgaccgectacacttgeccagegecctagegececgetectttegetttetteeccttecttte
tcgccacgttcgecggetttecccecgtcaagetctaaatcgggggectecectttagggtteccgatttagtgetttacggcacctcgacceccaaaaaacttgatttgggtgatgg
ttcacgtagtgggccatcgceccctgatagacggtttttcecgecctttgacgttggagtccacgttectttaatagtggactecttgttccaaactggaacaacactcaaccctate
tcgggctattcttttgatttataagggattttgccgatttcggectattggttaaaaaatgagctgatttaacaaaaatttaacgcgaattttaacaaaatattaacgttta
caattttatggtgcactctcagtacaatctgctctgatgccgcatagttaagccagccccgacacccgecaacacccgctgacgegecctgacgggettgtetgetecegge
atccgcttacagacaagctgtgaccgtctccgggagctgcatgtgtcagaggttttcaccgtcatcaccgaaacgcgcgagacgaaagggcctecgtgatacgectattttta
taggttaatgtcatgataataatggtttcttagacgtcaggtggcacttttcggggaaatgtgcgcggaaccecctatttgtttatttttctaaatacattcaaatatgtate
cgctcatgagacaataaccctgataaatgcttcaataatattgaaaaaggaagagtatgagtattcaacatttccgtgtecgeccttattcecttttttgeggecattttgect
tcctgtttttgctcacccagaaacgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtgggttacatcgaactggatctcaacagecggtaagatceccttgag
agttttcgccccgaagaacgttttccaatgatgagcacttttaaagttctgctatgtggegeggtattatececgtattgacgeccgggcaagagcaactcggtecgecgeatac
actattctcagaatgacttggttgagtactcaccagtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgctgccataaccatgagtgataacac
tgcggccaacttacttctgacaacgatcggaggaccgaaggagctaaccgcttttttgcacaacatgggggatcatgtaactcgecttgatcgttgggaaccggagctgaat
gaagccataccaaacgacgagcgtgacaccacgatgcctgtagcaatggcaacaacgttgcgcaaactattaactggcgaactacttactctagecttcccggcaacaattaa
tagactggatggaggcggataaagttgcaggaccacttctgecgctecggeccttececggectggetggtttattgectgataaatctggageccggtgagegtggaagecgeggtat
cattgcagcactggggccagatggtaagccctccecgtatecgtagttatctacacgacggggagtcaggcaactatggatgaacgaaatagacagatcgectgagataggtgece
tcactgattaagcattggtaactgtcagaccaagtttactcatatatactttagattgatttaaaacttcatttttaatttaaaaggatctaggtgaagatcctttttgata
atctcatgaccaaaatcccttaacgtgagttttcgttccactgagecgtcagaccccgtagaaaagatcaaaggatcttecttgagatecectttttttectgegegtaatctgetyg
cttgcaaacaaaaaaaccaccgctaccagcggtggtttgtttgeccggatcaagagctaccaactctttttccgaaggtaactggcttcagcagagcgcagataccaaatact
gtccttctagtgtagccgtagttaggccaccacttcaagaactctgtagcaccgectacatacctegetcectgectaatecctgttaccagtggectgectgeccagtggecgataagt
cgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagecggtcgggctgaacggggggttecgtgcacacageccagecttggagcgaacgacctacaccga
actgagatacctacagcgtgagctatgagaaagcgccacgcttcccgaagggagaaaggcggacaggtatceccggtaageggcagggtcggaacaggagagcgcacgagggag
cttccagggggaaacgcctggtatctttatagtcctgtcgggtttcgeccacctectgacttgagegtcgatttttgtgatgectecgtcaggggggcggagecctatggaaaaacyg
ccagcaacgcggcctttttacggttecctggecttttgetggecttttgetcacatgTCCTGCAGGCAGCTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGG
GCGTCGGGCGACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGGCCAACTCCATCACTAGGGGTTCCTACatgt

>tsCas9-N

gagggcctatttcccatgattccttcatatttgcatatacgatacaaggctgttagagagataattggaattaatttgactgtaaacacaaagatattagtacaaaatacgt
gacgtagaaagtaataatttcttgggtagtttgcagttttaaaattatgttttaaaatggactatcatatgcttaccgtaacttgaaagtatttcgatttcttggctttata
tatcttGTGGAAAGGACGAAACACCggGTCTTCaagcttGAAGACctgttttagagectaGAAAtagcaagttaaaataaggctagtececgttatcaacttgaaaaagtggecac
cgagtcggtgcTTTTTTgttttagagctagaaatagcaagttaaaataaggctagtccgtTTTTagecgecgtgecgeccaattctgcagacaaatggctctagaggtaccecgtta
cataacttacggtaaatggcccgcctggctgaccgecccaacgacccccgeccattgacgtcaatagtaacgccaatagggactttceccattgacgtcaatgggtggagtattt
acggtaaactgcccacttggcagtacatcaagtgtatcatatgccaagtacgecccectattgacgtcaatgacggtaaatggccecgectggecattGtgeccagtacatgacce
ttatgggactttcctacttggcagtacatctacgtattagtcatcgctattaccatggtcgaggtgagccccacgttctgecttcactecteccccatctececececccecectececccecac
ccccaattttgtatttatttattttttaattattttgtgcagcgatgggggcggggggggggggggggcgcgcgccaggcggggcggggcggggcgaggggcggggcggggc
gaggcggagaggtgcggcggcagccaatcagagcggcgecgctceccgaaagtttecttttatggecgaggecggeggecggeggecggecctataaaaagcgaagcgcgcecggcecgggcyg
ggagtcgctgcgacgctgccttcgecccecgtgeccecgecteccgecgecgectecgegecgeccecgecccggetectgactgacecgegttactecccacaggtgagegggegggacgge
ccttctcecctceccgggctgtaattagectgagcaagaggtaagggtttaagggatggttggttggtggggtattaatgtttaattacctggagcacctgectgaaatcacttttt
ttcaggttGGaccggtgccaccATGGACTATAAGGACCACGACGGAGACTACAAGGATCATGATATTGATTACAAAGACGATGACGATAAGATGGCCCCAAAGAAGAAGCGG
AAGGTCGGTATCCACGGAGTCCCAGCAGCCGACAAGAAGTACAGCATCGGCCTGGACATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACCGACGAGTACAAGGTGCCCA
GCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCATCAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAACAGCCGAGGCCACCCGGCTGAAGAG
AACCGCCAGAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCTGCAAGAGATCTTCAGCAACGAGATGGCCAAGGTGGACGACAGCTTCTTCCACAGACTGGAAGAG
TCCTTCCTGGTGGAAGAGGATAAGAAGCACGAGCGGCACCCCATCTTCGGCAACATCGTGGACGAGGTGGCCTACCACGAGAAGTACCCCACCATCTACCACCTGAGAAAGA
AACTGGTGGACAGCACCGACAAGGCCGACCTGCGGCTGATCTATCTGGCCCTGGCCCACATGATCAAGTTCCGGGGCCACTTCCTGATCGAGGGCGACCTGAACCCCGACAA
CAGCGACGTGGACAAGCTGTTCATCCAGCTGGTGCAGACCTACAACCAGCTGTTCGAGGAAAACCCCATCAACGCCAGCGGCGTGGACGCCAAGGCCATCCTGTCTGCCAGA
CTGAGCAAGAGCAGACGGCTGGAAAATCTGATCGCCCAGCTGCCCGGCGAGAAGAAGAATGGCCTGTTCGGAAACCTGATTGCCCTGAGCCTGGGCCTGACCCCCAACTTCA
AGAGCAACTTCGACCTGGCCGAGGATGCCAAACTGCAGCTGAGCAAGGACACCTACGACGACGACCTGGACAACCTGCTGGCCCAGATCGGCGACCAGTACGCCGACCTGTT
TCTGGCCGCCAAGAACCTGTCCGACGCCATCCTGCTGAGCGACATCCTGAGAGTGAACACCGAGATCACCAAGGCCCCCCTGAGCGCCTCTATGATCAAGAGATACGACGAG
CACCACCAGGACCTGACCCTGCTGAAAGCTCTCGTGCGGCAGCAGCTGCCTGAGAAGTACAAAGAGATTTTCTTCGACCAGAGCAAGAACGGCTACGCCGGCTACATTGACG
GCGGAGCCAGCCAGGAAGAGTTCTACAAGTTCATCAAGCCCATCCTGGAAAAGATGGACGGCACCGAGGAACTGCTCGTGAAGCTGAACAGAGAGGACCTGCTGCGGAAGCA
GCGGACCTTCGACAACGGCAGCATCCCCCACCAGATCCACCTGGGAGAGCTGCACGCCATTCTGCGGCGGCAGGAAGATTTTTACCCATTCCTGAAGGACAACCGGGAAAAG
ATCGAGAAGATCCTGACCTTCCGCATCCCCTACTACGTGGGCCCTCTGGCCAGGGGAAACAGCAGATTCGCCTGGATGACCAGAAAGAGCGAGGAAACCATCACCCCCTGGA
ACTTCGAGGAAGTGGTGGACAAGGGCGCTTCCGCCCAGAGCTTCATCGAGCGGATGACCAACTTCGATAAGAACCTGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCT
GTACGAGTACTTCACCGTGTATAACGAGCTGACCAAAGTGAAATACGTGACCGAGGGAATGAGAAAGCCCGCCTTCCTGAGCGGCGAGCAGAAAAAGGCCATCGTGGACCTG
CTGTTCAAGACCAACCGGAAAGTGACCGTGAAGCAGCTGAAAGAGGACTACTTCAAGAAAATCGAGTGCTTCGACTCCGTGGAAATCTCCGGCGTGGAAGATCGGTTCAACG
CCTCCCTGGGCACATACCACGATCTGCTGAAAATTATCAAGGACAAGGACTTCCTGGACAATGAGGAAAACGAGGACATTCTGGAAGATATCGTGCTGACCCTGACACTGTT
TGAGGACAGAGAGATGATCGAGGAACGGCTGAAAACCTATGCCCACCTGTTCGACGACAAAGTGATGAAGCAGCTGAAGCGGCGGAGATACTGTATCACCGGTGATGCTCTG
GTGGCGCTGCCCGAAGGCGAATCAGTGCGCATCGCTGACATCGTCCCGGGCGCCCGCCCTAATAGCGATAACGCCATCGACCTGAAGGTGCTTGACCGCCACGGCAATCCTG
TTCTGGCCGATAGACTCTTCCACAGTGGTGAACATCCTGTGTATACCGTCCGCACCGTAGAAGGCCTGAGAGTGACAGGCACAGCCAACCACCCCCTTTTGTGTCTGGTGGA
TGTTGCCGGCGTCCCCACCCTGCTGTGGAAACTGATTGATGAGATAAAACCCGGAGACTATGCAGTGATCCAAAGGTCCGCATTTAGTGTGGATTGCGCTGGCTTCGCTCGC
taagaattcCTAGAGCTCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCAC
TGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGAGAAT
AGCAGGCATGCTGGGGAgcggccgcaggaacccctagtgatggagttggeccactecectetetgegegetegetegetcactgaggeccgggegaccaaaggtcgeccgacgec
cgggctttgcccgggcggecctcagtgagcgagcgagecgcgcagectgectgcaggggegectgatgeggtattttectecttacgecatectgtgeggtatttcacaccgecatacyg
tcaaagcaaccatagtacgcgccctgtagcggecgecattaagegecggecgggtgtggtggttacgegcagecgtgaccgectacacttgecagegecctagegeccgetecttteg
ctttcttcccttectttctecgeccacgttecgecggetttecccegtcaagetctaaatcgggggetecctttagggtteccgatttagtgetttacggcacctcgaccccaaaaa
acttgatttgggtgatggttcacgtagtgggccatcgccctgatagacggtttttcgececctttgacgttggagtceccacgttectttaatagtggactecttgttccaaactgga
acaacactcaaccctatctcgggctattcttttgatttataagggattttgccgatttcggectattggttaaaaaatgagectgatttaacaaaaatttaacgcgaatttta
acaaaatattaacgtttacaattttatggtgcactctcagtacaatctgctctgatgccgcatagttaagccagecccgacacccgccaacacccgectgacgegecctgacg
ggcttgtctgctcccggcatcecgettacagacaagctgtgaccgtcecteccgggagectgcatgtgtcagaggttttcaccgtcatcaccgaaacgcgcgagacgaaagggecte
gtgatacgcctatttttataggttaatgtcatgataataatggtttcttagacgtcaggtggcacttttcggggaaatgtgcgcggaacccctatttgtttatttttctaaa
tacattcaaatatgtatccgctcatgagacaataaccctgataaatgcttcaataatattgaaaaaggaagagtatgagtattcaacatttccgtgtcecgeccttatteecctt
ttttgcggcattttgceccttectgtttttgctcacccagaaacgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtgggttacatcgaactggatctcaac
agcggtaagatccttgagagttttcgeccccgaagaacgttttccaatgatgagcacttttaaagttctgectatgtggecgeggtattateccecgtattgacgecgggcaagage
aactcggtcgccgcatacactattctcagaatgacttggttgagtactcaccagtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgctgeccat
aaccatgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaaggagctaaccgcttttttgcacaacatgggggatcatgtaactcgecttgategt
tgggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatgcctgtagcaatggcaacaacgttgecgcaaactattaactggcgaactacttactctag



cttcccggcaacaattaatagactggatggaggcggataaagttgcaggaccacttctgegectecggeccttecggetggetggtttattgetgataaatctggagecggtga
gcgtggaagccgcggtatcattgcagcactggggceccagatggtaagececcteccegtatecgtagttatctacacgacggggagtcaggcaactatggatgaacgaaatagacag
atcgctgagataggtgcctcactgattaagcattggtaactgtcagaccaagtttactcatatatactttagattgatttaaaacttcatttttaatttaaaaggatctagg
tgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagttttcgttccactgagegtcagaccccgtagaaaagatcaaaggatcttecttgagatecectttttt
tctgcgcgtaatctgctgcttgcaaacaaaaaaaccaccgctaccagecggtggtttgtttgeccggatcaagagctaccaactecttttteccgaaggtaactggecttcagecaga
gcgcagataccaaatactgtccttctagtgtagccgtagttaggccaccacttcaagaactctgtagcaccgecctacatacctegetcectgctaatecctgttaccagtggetyg
ctgccagtggcgataagtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcageggtcgggctgaacggggggttegtgcacacageccagecttgga
gcgaacgacctacaccgaactgagatacctacagcgtgagctatgagaaagcgccacgcttcccgaagggagaaaggcggacaggtateccggtaageggcagggtecggaaca
ggagagcgcacgagggagcttccagggggaaacgcectggtatctttatagtcctgtecgggtttegecacctectgacttgagegtecgatttttgtgatgectegtcagggggge
ggagcctatggaaaaacgccagcaacgcggcctttttacggttcecctggecttttgetggecttttgetcacatgTCCTGCAGGCAGCTGCGCGCTCGCTCGCTCACTGAGGC
CGCCCGGGCAAAGCCCGGGCGTCGGGCGACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGGCCAACTCCATCACTAGGGGTTCCTACatgt

>tsCas9-Nick
gagggcctatttcccatgattccttcatatttgcatatacgatacaaggctgttagagagataattggaattaatttgactgtaaacacaaagatattagtacaaaatacgt
gacgtagaaagtaataatttcttgggtagtttgcagttttaaaattatgttttaaaatggactatcatatgcttaccgtaacttgaaagtatttcgatttcttggctttata
tatcttGTGGAAAGGACGAAACACCggGTCTTCgaGAAGACctgttttagagectaGAAAtagcaagttaaaataaggctagtcecgttatcaacttgaaaaagtggcaccgag
tcggtgcTTTTTTgttttagagctagaaatagcaagttaaaataaggctagtccgtTTTTagecgecgtgecgecaattctgcagacaaatggctctagaggtaccecgttacata
acttacggtaaatggcccgcecctggctgaccgcccaacgaccecccgeccattgacgtcaatagtaacgeccaatagggacttteccattgacgtcaatgggtggagtatttacgg
taaactgcccacttggcagtacatcaagtgtatcatatgccaagtacgcccecctattgacgtcaatgacggtaaatggecccgectggecattGtgeccagtacatgaccttat
gggactttcctacttggcagtacatctacgtattagtcatcgctattaccatggtcgaggtgagccccacgttctgettcactectecccatcectececcecececteccecccacccce
aattttgtatttatttattttttaattattttgtgcagegatgggggcggggggggggggggggcgcgcgccaggeggggcggggcggggcgaggggcggggcggggcgagy
cggagaggtgcggcggcagccaatcagagcggcgcgctccgaaagtttecttttatggcgaggecggecggecggeggeggecctataaaaagcgaagcgecgecggcgggecgggag
tcgctgcgacgctgecttcecgeccecgtgeccecgectecgecgecgectecgegecgecccgecceccggetectgactgacecgegttactecccacaggtgagegggecgggacggecctt
ctcctccgggctgtaattagctgagcaagaggtaagggtttaagggatggttggttggtggggtattaatgtttaattacctggagcacctgecctgaaatcactttttttcea
ggttGGaccggtgccaccATGTACCCATACGATGTTCCAGATTACGCTTCGCCGAAGAAAAAGCGCAAGGTCGAAGCGTCCGACAAGAAGTACAGCATCGGCCTGGCCATCG
GCACCAACTCTGTGGGCTGGGCCGTGATCACCGACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCATCAAGAAGAACCTGATCGG
AGCCCTGCTGTTCGACAGCGGCGAAACAGCCGAGGCCACCCGGCTGAAGAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCTGCAAGAGATCTTC
AGCAACGAGATGGCCAAGGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTGGTGGAAGAGGATAAGAAGCACGAGCGGCACCCCATCTTCGGCAACATCGTGG
ACGAGGTGGCCTACCACGAGAAGTACCCCACCATCTACCACCTGAGAAAGAAACTGGTGGACAGCACCGACAAGGCCGACCTGCGGCTGATCTATCTGGCCCTGGCCCACAT
GATCAAGTTCCGGGGCCACTTCCTGATCGAGGGCGACCTGAACCCCGACAACAGCGACGTGGACAAGCTGTTCATCCAGCTGGTGCAGACCTACAACCAGCTGTTCGAGGAA
AACCCCATCAACGCCAGCGGCGTGGACGCCAAGGCCATCCTGTCTGCCAGACTGAGCAAGAGCAGACGGCTGGAAAATCTGATCGCCCAGCTGCCCGGCGAGAAGAAGAATG
GCCTGTTCGGCAACCTGATTGCCCTGAGCCTGGGCCTGACCCCCAACTTCAAGAGCAACTTCGACCTGGCCGAGGATGCCAAACTGCAGCTGAGCAAGGACACCTACGACGA
CGACCTGGACAACCTGCTGGCCCAGATCGGCGACCAGTACGCCGACCTGTTTCTGGCCGCCAAGAACCTGTCCGACGCCATCCTGCTGAGCGACATCCTGAGAGTGAACACC
GAGATCACCAAGGCCCCCCTGAGCGCCTCTATGATCAAGAGATACGACGAGCACCACCAGGACCTGACCCTGCTGAAAGCTCTCGTGCGGCAGCAGCTGCCTGAGAAGTACA
AAGAGATTTTCTTCGACCAGAGCAAGAACGGCTACGCCGGCTACATTGACGGCGGAGCCAGCCAGGAAGAGTTCTACAAGTTCATCAAGCCCATCCTGGAAAAGATGGACGG
CACCGAGGAACTGCTCGTGAAGCTGAACAGAGAGGACCTGCTGCGGAAGCAGCGGACCTTCGACAACGGCAGCATCCCCCACCAGATCCACCTGGGAGAGCTGCACGCCATT
CTGCGGCGGCAGGAAGATTTTTACCCATTCCTGAAGGACAACCGGGAAAAGATCGAGAAGATCCTGACCTTCCGCATCCCCTACTACGTGGGCCCTCTGGCCAGGGGAAACA
GCAGATTCGCCTGGATGACCAGAAAGAGCGAGGAAACCATCACCCCCTGGAACTTCGAGGAAGTGGTGGACAAGGGCGCTTCCGCCCAGAGCTTCATCGAGCGGATGACCAA
CTTCGATAAGAACCTGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCTGTACGAGTACTTCACCGTGTATAACGAGCTGACCAAAGTGAAATACGTGACCGAGGGAATG
AGAAAGCCCGCCTTCCTGAGCGGCGAGCAGAAAAAGGCCATCGTGGACCTGCTGTTCAAGACCAACCGGAAAGTGACCGTGAAGCAGCTGAAAGAGGACTACTTCAAGAAAA
TCGAGTGCTTCGACTCCGTGGAAATCTCCGGCGTGGAAGATCGGTTCAACGCCTCCCTGGGCACATACCACGATCTGCTGAAAATTATCAAGGACAAGGACTTCCTGGACAA
TGAGGAAAACGAGGACATTCTGGAAGATATCGTGCTGACCCTGACACTGTTTGAGGACAGAGAGATGATCGAGGAACGGCTGAAAACCTATGCCCACCTGTTCGACGACAAA
GTGATGAAGCAGCTGAAGCGGCGGAGATACTGTATCACCGGTGATGCTCTGGTGGCGCTGCCCGAAGGCGAATCAGTGCGCATCGCTGACATCGTCCCGGGCGCCCGCCCTA
ATAGCGATAACGCCATCGACCTGAAGGTGCTTGACCGCCACGGCAATCCTGTTCTGGCCGATAGACTCTTCCACAGTGGTGAACATCCTGTGTATACCGTCCGCACCGTAGA
AGGCCTGAGAGTGACAGGCACAGCCAACCACCCCCTTTTGTGTCTGGTGGATGTTGCCGGCGTCCCCACCCTGCTGTGGAAACTGATTGATGAGATAAAACCCGGAGACTAT
GCAGTGATCCAAAGGTCCGCATTTAGTGTGGATTGCGCTGGCTTCGCTCGCtaagaattcCTAGAGCTCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGT
TGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATT
CTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGAgAATAGCAGGCATGCTGGGGAgecggecgcaggaaccecctagtgatggagttggeccacteectete
tgcgcgctcgctcgctcactgaggccgggcgaccaaaggtcgeccgacgeccgggectttgeccgggeggectcagtgagcgagcgagecgecgcagectgectgcaggggegect
gatgcggtattttctccttacgcatctgtgcggtatttcacaccgcatacgtcaaagcaaccatagtacgecgeccctgtagecggegecattaagegecggecgggtgtggtggtta
cgcgcagcgtgaccgctacacttgccagecgceccctagecgeccgectectttegetttettececttectttetecgecacgttegecggetttecccegtcaagetctaaatecgggg
gctccctttagggttccgatttagtgectttacggcacctcgaccccaaaaaacttgatttgggtgatggttcacgtagtgggeccatcecgecctgatagacggtttttegeect
ttgacgttggagtccacgttctttaatagtggactcttgttccaaactggaacaacactcaaccctatctcgggectattcttttgatttataagggattttgeccgatttegg
cctattggttaaaaaatgagctgatttaacaaaaatttaacgcgaattttaacaaaatattaacgtttacaattttatggtgcactctcagtacaatctgctctgatgecge
atagttaagccagccccgacacccgccaacacccgctgacgegecctgacgggecttgtectgetececggecateccgettacagacaagectgtgaccgteteccgggagetgecatyg
tgtcagaggttttcaccgtcatcaccgaaacgcgcgagacgaaagggcctcecgtgatacgectatttttataggttaatgtcatgataataatggtttcttagacgtcaggtg
gcacttttcggggaaatgtgcgcggaacccctatttgtttatttttctaaatacattcaaatatgtatccgectcatgagacaataaccctgataaatgcttcaataatattyg
aaaaaggaagagtatgagtattcaacatttccgtgtcgcccttattceccttttttgeggecattttgecttectgtttttgectcacccagaaacgectggtgaaagtaaaagat
gctgaagatcagttgggtgcacgagtgggttacatcgaactggatctcaacagcggtaagatccttgagagttttcgecccgaagaacgttttccaatgatgagcactttta
aagttctgctatgtggcgcggtattatcccgtattgacgccgggcaagagcaactcggtecgecgcatacactattctcagaatgacttggttgagtactcaccagtcacaga
aaagcatcttacggatggcatgacagtaagagaattatgcagtgctgccataaccatgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaaggag
ctaaccgcttttttgcacaacatgggggatcatgtaactcgccttgatcgttgggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatgectgtag
caatggcaacaacgttgcgcaaactattaactggcgaactacttactctagcttcccggcaacaattaatagactggatggaggcggataaagttgcaggaccacttcectgeg
ctcggcccttececggectggectggtttattgectgataaatctggageccggtgagecgtggaagecgecggtatcattgcagcactggggeccagatggtaagecctececgtategta
gttatctacacgacggggagtcaggcaactatggatgaacgaaatagacagatcgctgagataggtgectcactgattaagcattggtaactgtcagaccaagtttactcat
atatactttagattgatttaaaacttcatttttaatttaaaaggatctaggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagttttecgttccactyg
agcgtcagaccccgtagaaaagatcaaaggatcttcttgagatcecctttttttectgecgegtaatectgectgecttgcaaacaaaaaaaccaccgctaccagecggtggtttgtttg
ccggatcaagagctaccaactctttttccgaaggtaactggcttcagcagagcgcagataccaaatactgtcecttctagtgtageccgtagttaggccaccacttcaagaact
ctgtagcaccgcctacatacctcgectctgctaatcctgttaccagtggectgectgeccagtggecgataagtecgtgtcttaccgggttggactcaagacgatagttaccggataa
ggcgcagcggtcgggctgaacggggggttcgtgcacacagcccagecttggagecgaacgacctacaccgaactgagatacctacagegtgagctatgagaaagcgccacgcett
cccgaagggagaaaggcggacaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccagggggaaacgecctggtatectttatagtecctgtegggt
ttcgccacctctgacttgagecgtcgatttttgtgatgectecgtcaggggggecggagectatggaaaaacgccagcaacgecggectttttacggttectggecttttgetggee
ttttgctcacatgTCCTGCAGGCAGCTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTCGGGCGACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGA
GCGCGCAGAGAGGGAGTGGCCAACTCCATCACTAGGGGTTCCTAcatgt
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